TiO 2 hydrosols were prepared from metatitanic acid (H 2 TiO 3 ) by chemical precipitation-peptization method under various peptizing conditions. The effects of peptizing conditions on nanosized properties and photocatalytic activity of TiO 2 hydrosols were investigated. The crystal structure, crystallinity, particle size distribution, and transparency (T%) of as-obtained hydrosols were characterized by means of X-ray diffraction, transmission electron microscopy, light-scattering size analyzer, and UV-Visible transmittance spectra. The results showed that the properties of hydrosols depended on peptizing conditions including a molar ratio of H + /Ti, temperature, and solid content.
Introduction
In recent years, titanium dioxide (TiO 2 ) as a semiconductor material with lots of advantages, such as photocatalytic activity, anti-corrosion, stabilization of chemical properties, innocuity and so on, has been studied in the field of photocatalytic techniques for wastewater treatment, air purification and functioned materials [1] [2] [3] [4] [5] [6] [7] . The agglomeration and precipitation of TiO 2 powder particles in aqueous suspension can reduce the active sites on TiO 2 surface and block light penetration into the suspension significantly [8] . It was also found a difficulty to coat normal TiO 2 powders onto walls, windows, or furniture easily and durably for air purification. In addition, spraying aqueous TiO 2 powder suspension directly onto the above substrates may change the material colour or reduce the material transparency [9] . On the other hand, some transparent TiO 2 thin films can be easily prepared by a sol-gel process, but a heat treatment at a high temperature of more than 400 °C is required to acquire high crystallinity [10, 11] . Therefore, suitable catalysts for indoor air purification need meet several requirements including high photocatalytic activity, high transparency, strong adherence, and ease of coating onto various materials at room temperature with a durable feature.
Aqueous TiO 2 hydrosol prepared at low temperature (< 100 °C) has several advantages of: (1) finer particle size with more uniform distribution and better dispersion in water; (2) stronger interfacial adsorption ability; and (3) easy coating on various supporting materials [12] . Some researchers used aqueous peroxotitanium acid gel derived from titanium metal [13] or compounds [14] to synthesize peroxo-modified anatase sol under autoclave conditions [15] [16] [17] . Others prepared TiO 2 hydrosols by means of chemical precipitation-peptization process at low temperature (<100 C) using inorganic and organic titanium sources [18] [19] [20] [21] . In our previous works, two types of TiO 2 hydrosols were prepared from titanium sulfate (TiOSO 4 ) and metatitanic acid (H 2 TiO 3 ) by a chemical precipitationpeptization method [22] , and it has been found that the TiO 2 hydrosols prepared from H 2 TiO 3 achieved the higher activity for formaldehyde degradation for indoor air purification than other
In fact, the photocatalytic activity and transparency, of TiO 2 hydrosols depend on a few factors such as their crystal phase, degree of crystallization, and particle size [23] . The hydrothermal treatment of colloidal TiO 2 suspensions provides a facile route to control grain size, particle morphology, -4 - microstructures, phase composition and surface chemical properties via adjusting experimental parameters including temperature, pressure, duration of process, concentration of chemicals and pH of solution [24] . Therefore, the above preparing conditions would affect both of the physical properties and photocatalytic activity of the hydrosol. Some studies have investigated the effects of hydrothermal conditions [25, 26] and heat treatment [27] on properties and photocatalytic activity of TiO 2 powders. However, only limited studies were conducted on the effect of peptizing conditions on the properties and photocatalytic activity of TiO 2 hydrosol.
In this work, TiO 2 hydrosols were prepared from H 2 TiO 3 by a chemical precipitation-peptization method. The effects of peptizing conditions of TiO 2 hydrosols on their properties and photocatalytic activity were investigated to provide a comprehensive understanding for preparing TiO 2 hydrosol with high activity and also to promote the application in air purification. 3 , and other chemicals with analytical grade were obtained from Shanghai Reagent Ltd. The deionized water was prepared by a RO purification system. Degussa P-25 consisting of 80% anatase and 20% rutile was obtained from Degussa AG Company in Germany.
Experimental

Materials
Preparation of TiO 2 hydrosols
TiO 2 hydrosol was prepared by means of hydrothermal process using H 2 TiO 3 as a precursor with the following procedure: 100 g of H 2 TiO 3 was added into 2 L of deionized water, and then stirred continuously to obtain a uniform suspension. Then, diluted ammonia was dropped therein very slowly until the pH value raised above 9. The resulting suspension was stirred continuously for 3 h, and then filtered. The filter cake was washed with the deionized water for several times until no sulfate ion was present (sulfate concentratin was determined by 0.5 M barium chloride solution) and pH value reached at 7. In this way, most impurities were substantively removed from the hydrosol.
Finally, the filter cake was mixed with the deionized water to form a uniform solution with a solid -5 - content between 1% -6%. The nitric acid with a concentration of 10% (v/v) was dropped therein to adjust the pH value to be between 1 and 2, with a ratio of H + /Ti = 0.19 -1.0. The resulting solution was continuously stirred at room temperature for 4 h, followed by stirring and heating at the temperature of 45 °C -95 °C. The hydrosol solution was further peptized for 24 h.to obtain the productTiO 2 hydrosol eventually. In this study, three series of TiO 2 hydrosols were obtained under different preparation conditions.
Characterization of TiO 2 hydrosols
To characterize the properties of the as-prepared TiO 2 hydrosols, the titania xerogel powder was mW cm -2 ). A sensor of methyl mercaptan (Detcon DM-100-CH 3 SH) was equipped inside the photoreactor to in-situ monitor the CH 3 SH concentration during the experiments. This methyl mercaptan analyzer has a monitoring range of 0-100 ppmv with its resolution of  2%. In these experiments, it took 1-2 h to reach a gas-solid adsorption/desorption equilibrium, and then the lights were turned on. The humidity was controlled at 52 ± 2% with a humidifier before photoreaction. All the experiments were carried out at the temperature of about 28 C. In each experiment, the dosage of TiO 2 was 0.5 g as a dry weight of TiO 2 sol. P-25 (0.5 g) was first mixed with 20ml distilled water to make an aqueous suspension. A sheet of filter paper or aluminum foil with an area of 18 cm × 26 cm (1.07 mg cm -2 ) was used as a supporting medium, and the hydrosol or P-25 suspension was dripped on the filter paper. Then the supported catalyst was dried at the temperature of 70 C for 24 -7 - h. Each experiment lasted for 30 min.
Experiments of HCHO photodegradation. The experiments of gaseous HCHO degradation were conducted in a 0.1 m 3 photoreactor made of stainless steel. The reactor was placed in a small chamber where temperature and humidity were well controlled. In this experiment, TiO 2 hydrosol or P-25 suspension was sprayed onto a piece of glass with a total area of 0.05 m 2 (25 cm × 20 cm) with the catalyst loading of 2 mg cm -2 . The TiO 2 -coated glass sheet was dried in an oven at 65 °C for about 12 h to evaporate the adsorbed water and then cooled down to room temperature before use.
The TiO 2 -coated glass sheet film was fixed inside the reactor, and a set of 8-W Philip UV lamps with the main emission peak at 365 nm was placed at 2 cm above the glass sheet (I = 1.42 mW cm -2 ).
Then a certain amount of HCHO gas was purged into the photoreactor from the standard gaseous HCHO cylinder (Foshan, China). The initial HCHO concentration was kept at 5.5 ± 0.2 ppmv after adsorption/desorption equilibrium in the dark. All the experiments were carried out at 25 ± 1 °C. The humidity was controlled with a humidifier before photoreaction. The analysis of HCHO in the reactor was conducted with a HCHO monitor (Interscan 4160, USA). Each experiment lasted for 3 h.
Results and discussion
Crystal and particle properties
Based on the LaMer theory [28] [29] [30] , there should be two competitive processes of nucleation and crystal growth when a hydrosol is directly synthesized in an aqueous phase. Crystal growth is influenced significantly by various factors, including a molar ratio of H + /Ti, temperature and solid content [31] [32] [33] . Table 1 can denote the degree of the crystalline for various hydrosols. It was shown that their intensity of peak (101) was nearly at the identical level, indicating that the crystallinity of the as-obtained hydrosols hardly depended on the -8 -molar ratio of H + /Ti (as H + /Ti) and solid content. But the intensity of peak (101) increased gradually with the increaseed temperature from 45 °C to 95 °C. The results also suggested that the temperature should be a more significant factor influencing the crystallinity than H + /Ti) and solid content.
[ Fig. 1] [ Table 1 ] To illustrate the trends of changes in crystallinity and particle sizes clearly, the crystallite sizes from XRD results and the average particle sizes from PSD results were calculated and are shown in Table   1 . It is clear that the average particle sizes were all much larger than the crystallite sizes due to the slight aggregation of the hydrosol particles, which was mentioned in the pervious work [22] . It was
shown that the crystallite sizes decreased from 14.4 nm to 10.9 nm as the H + /Ti increased from 0.19 to 0.75, and then increased slightly from 0.75 to 1.00. It was found the minimum crystallite size was -9 - oxolation bonds among titanium atoms were broken and the rates of nucleation and crystal growth was changed [34, 35] . This also implied that there was an optimal H + /Ti (0.75) with the smallest particle size (26.3 nm).
It can also be seen from Table 1 that the crystallite sizes and average particle sizes were all at the same scale with the temperature below 65 °C. As the temperature increased from 65 °C to 95 °C, the crystallite sizes increased slightly, while the average particle sizes increased significantly up to 58.3 nm at 95 °C about twice of that(26.3 nm) at 65 °C. These results indicate that high temperature can accelerate the movement of the hydrosol particles and result in the severe aggregation to increase the particle sizes. It was also found that the crystallite size and particle size of the hydrosol with the solid content of 1% was obviously larger than those with of solid content of 2% -6%. If the solid content in the suspension was low, the probability of collision among the hydrosol particles would reduce. The rate of crystalline growth would be faster than that of nucleation, resulted that the anatase crystals grew quickly, and then the particle sizes also became larger. From the results in Table 1 , it may be confirmed that the effect of peptizing conditions on the particle sizes was more significant than that on the crystallite sizes, which implies that the phenomena of aggregation is very sensitive to the peptizing conditions. [ Fig. 4 ] Fig. 4b showed the transmittance spectra of the hydrosols peptized at different temperatures. The transmittance decreased gradually with the temperature increase from 45 °C to 75 °C, but further decreased more quickly from 75 °C to 95 °C. Moreover, it can clearly be seen that the decrements of the hydrosols transmittance had the same trends of particle sizes affected by temperature, which may indicate that the decrease of hydrosols transmittance could result from the increase of particle sizes at the high peptizing temperature. . dispersion during the peptization process [9] . The photocatalytic reaction carried out in the transparent hydrosol system could integrate the advantages of suspension and immobilization reaction system. And the hydrosol catalysts might behave as a homogeneous-like photocatalyst rather than a heterogeneous one [36] .[I don't feel this statement is scientifically correct. Pls consider to rewrite.]
TEM study
Additionally, higher transparency of the hydrosols usually leads to the thin films with higher quality -11 -such as higher transparence, stronger adherence and less aggregation [37] .[Also this sentence.]
Photocatalytic activity
To further investigate the effects of H + /Ti ratio, temperature and solid content,as three key preparation parameters on the photocatalytic activity of the hydrosols, three sets of experiments were conducted to photocatalytically degrade RhB as a model dye in aqueous solution, CH 3 SH as a model odourant [38] in gaseous phase and also HCHO as a model air pollutant [39] in gaseous phase. The experimental results are shown in Figs. 5, 6, and 7, respectively. To compare the reaction rates among the hydrosols, the first-order kinetic constants with the standard deviation were used to fit the experimental data and the kinetic constants (k) for various TiO 2 hydrosols were calculated as surmmarized in Table 2 . In particular, the k values for the CH 3 SH degradation were even three times higher than P-25. Our previous study [22] suggested that the TiO 2 hydrosols in comparison with P-25 powder had smaller particle size, more uniform particle size distribution, larger surface area and pore volume, and better transparency. All of these features would contribute to achieve higher photocatalytic activity.
[ assigned to the synergetic function of its relatively higher crystallinity, better transmittance, and smaller particle size. The photocatalytic activity of the hydrosols increased with the increase of peptizing temperatures from 45 °C to 65 °C, mainly due to the higher degree of crystallinity from the XRD results. However, when the peptizing temperature was further increased from 65 °C -95 °C, the photocatalytic activity of the hydrosols decreased gradually, since any further increase of crystallinity from 65 °C -95 °C was not significant, but the particle sizes increased remarkably, which might lead to the decrement of the activity. Hence, the optimal temperature for preparing TiO Generally speaking, the hydrothermal treatment can generate the higher hexagonal order and crystallinity of the channels [40] and the peptization process can break down the large aggregates into smaller particles by the electrostatic repulsion of the charged particles [9] . It is believed that the transparent hydrosol can easily form clear TiO 2 films with fine size particles uniformaaly distributed on the supporting medium, which would be the prerequisite for enhancing photoactivity of catalysts -13 - [37] . Since the TiO 2 hydrosol can be prepared at a mild temperature condition such as 65 °C with a certain degree of crystallization and good activity, TiO 2 films can be prepared using the hydrosol at room temperature with some advantages over the traditional sol-gel method which needs calcinations at a high temperature such as 450 °C [27] .
,
The above experimental results have well confirmed that the physical properties of TiO 2 hydrosol such as crystal structure, particle size and distributaries, surface area and pore volume can be affected by three key preparation parameters of a H + /Ti ratio, peptizing temperature and solid content significantly.. These physical properties would determine the key features of TiO 2 hydrosol such as the degrees of crystallinity and transparency, and eventually influence the overall photocatalytic activity for the degradation of pollutants either in aquesous solution or gaseous phase. . 
